
PN-III-P4-ID-PCE-2016-0691  

 
Spaced TiO2 nanotubes used as platforms for drug release and 

bone regeneration 

-Phase 3 summary- 

Phase activities:  

1. In vitro experiments to determine the effectiveness of spaced TNT as platforms for drug 

delivery 

2. Morphological observation and analysis of bone healing around the implant 

3. Observation and analysis of inflammatory infiltrate around the implant 

4. Examination of macrophage polarization around the implant 

 

Titanium-based alloys are widely used as bone implants because of their excellent 

biocompatibility and superior mechanical properties. However, sometimes Ti implants fail to 

integrate with the surrounding tissue, which is one of the main reasons that contribute to implant 

failure and represents the foremost motivation to obtain new surface topographies with superior 

properties. In this context, TiO2 nanotubes (TNT) are one of the most remarkable changes obtained 

on Ti surfaces. TNT are highly organized nanostructures which promote osteoblast function and 

stimulate osseointegration. Meanwhile, to further increase the biocompatibility of the Ti modified 

with TNT surfaces, these nanomaterials were functionalized with bioactive molecules having a 

superior ability to stimulate bone formation. 

Taking all these aspects into consideration, in this last stage of the project we evaluated the 

therapeutic effectiveness of the newly developed nanostructured surfaces as drug delivery and 

bone regeneration platforms by performing in vitro and in vivo studies on MC3T3-E1 and 

RAW264.7 cell lines, and on male Wistar rats (intramedullary implant model), respectively. The 

two types of nanotubular surfaces were loaded with activated simvastatin (SVa) and coated with 

PLGA. The in vitro results showed the absence of cytotoxicity and the ability of all analyzed 

surfaces to equally sustain adhesion, proliferation and cell viability of both osteoblasts and 

macrophages. However, some differences in cell morphology were observed, these modifications 



being dictated by the surface characteristics of the analyzed samples. Furthermore, the study of the 

pre-osteoblasts differentiation indicated a higher, but not statistically significant, capacity of the 

Ti surfaces to stimulate secretion of collagen and osteopontin, while the alkaline phosphatase 

activity recorded the higher values on the nanostructured materials. At the same time, pro-

inflammatory mediators’ analysis showed an enhanced secretion of cytokines and NO on the Ti 

surfaces compared with the TNT.  

Histological studies performed on the femur fractures at 6 days post-implantation envisaged the 

effects generated by the 7 types of rod shaped implants (Ti, TNT18, TNT18_SVa, 

TNT18_SVa_PLGA, TNT80, TNT80_SVa, TNT80_SVa_PLGA) on bone marrow cells and the 

ability of endosteal osteoprogenitors to differentiate into osteoblasts which secrete osteoid in the 

presence of the implant. The results obtained suggested that all analyzed implants ensured a normal 

structure and cellularity of bone marrow and induced an increase in the number of endosteal 

osteoblasts and osteoprogenitor cells. The only exception was remarked in the case of Ti flat 

materials showing a reduction in the number of cells and a disorganization of bone marrow stroma. 

Furthermore, the results obtained revealed an inflammatory reaction varying in intensity around 

the tested implants. This inflammatory process plays an important role in bone tissue regeneration 

during the acute phase and it is reflected by the accumulation of CD68+ cells. At the same time a 

random distribution and different intensities, depending on the type of implant, of the M1 and M2 

macrophage phenotypes were noticed, which explains the different thickness of the newly formed 

bone tissue. Noteworthy, the histological analysis of bone tissue pieces harvested at 1-month post-

implantation indicated that the nanotubes spacing of 80 nm induced bone formation to a greater 

extent than the 18 nm spacing. Moreover, the flat Ti surfaces induced fibrous tissue formation 

while functionalization of nanostructured surfaces with SVa induced an increase in the biological 

performance of bone implants.  

Taking together the results obtained by performing both in vitro and in vivo studies, it can be 

drawn the conclusion that the lateral spacing of TiO2 nanotubes play an important role in 

modulating the cellular response and dictates the biological performance of bone implants. 

 


